The study investigates the role of NWP filtering for the remote sensing of Cumulonimbus 
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Figure 1.
Left hand: The image shows the relation of the height above sea level and the temperature in the atmosphere for the US standard atmosphere and a standard atmosphere for mid-latitude summer. Diagrammed is also the height of the tropopause, which "separates" the troposphere from the stratosphere. Right hand: Relation between pressure and height for the same profile.
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Another simple, but widely used method is that applied in the Global Convective Diagnostics by the satellite instrument. In contrast, for lower clouds the tropospheric water vapor above the clouds 56 absorbs the radiation and the emitted radiation is colder than the absorbed. It is therefore obvious that 57 the temperature difference increases with increasing cloud height.
58
The effect discussed by [5] occurs also if the difference of the two water vapor channels are used.
59
The use of this combination is possible since the launch of Meteosat Second Generation satellites, which 60 has the Spinning Enhanced Visible and InfraRed Image (SEVIRI) instrument on-board. This instrument 61 is equipped with additional channels in the Infrared (IR). The normalized weighting function of the 62 SEVIRI IR channels is diagrammed in Figure 2 for clear sky.
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Note, that the water vapor channel at 6.2 µm receives significant contributions from the 64 stratosphere, which are larger than the equivalent contributions of the WV channel at 7.3µm. Thus, 
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As a supplementing filter to CAPE the Totals Total (TT) index has been used. It is defined as:
here T is the temperature, Td is the dew point temperature and the numbers provide the respective 102 pressure level.
Further, the KO index defined in equation 2 have been applied in further experiments;
here θ e is the pseudo potential temperature in Kelvin for the different pressure levels 1000, 850, 700 104 and 500 hPa.
105
The "stability" filters (CAPE and TT) for the first experiments (up to experiment 9) are taken from 106 the comprehensive Earth-system model developed at ECMWF in co-operation with Météo-France.
107
A detailed documentation of can be found at the ECMWF web-page, see [11] and concerning the 
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It is important to note that the stability indices are used to exclude Cb that are incorrectly detected 123 by the satellite in stable and neutral atmospheres (e.g. cold fronts). Thus the thresholds applied for the 124 stability filter are very low. 
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The skill scores Probability Of Detection (POD), False Alarm Rate (FAR), Critical Success Index (CSI) are used to measure the performance of the different approaches. For completeness the quantities are defined below: that the NWP filter does significantly increases the performance of the satellite based detection of Cbs.
173
Thus, also for applications where a high POD is the primarily goal, and FAR and CSI are of second 174 priority, the NWP filter is of significant benefit.
175
The additional usage of the O 3 channel does not lead to better skill scores compared to the 176 reference (experiment 1). On the other hand, the one channel approach (experiment 9) leads to similar The results indicate that KO performs similarly to CAPE. In this experiment KO leads to higher
190
POD, but due to also lower FAR the CSI is lower as well. However, the differences are relative small.
191
By consideration of the results given in for Cb detection, although, it is sometimes used as score for events with low probability of occurrence. The application of the NWP filter works well independent which of the two NWP models (ICON 197 or ECMWF) or if CAPE ore KO are used as stability filter. One reason for this finding might be that the
198
NWP parameter are applied as filter to filter stable and neutral atmospheres and are therefore very 199 permeable for satellite based Cb detection as soon as labile atmospheric conditions occurs. 
Discussion

201
The results of our study show that the 1 channel approach works as good as the established BT 202 difference approach and the investigated 4 channel approach. This might be astonishing on a first 203 glance and the physics behind this finding is therefore briefly discussed.
204
The radiation signal from optical thick clouds results from the top of the cloud. Thus, concerning can be applied for radiances emitted by optical thick clouds.
208
BT defined by the Stefan-Boltzmann law, which results from Planck equation.
In other words λ can be assumed to be 1 in the grey body version of the Stefan-Boltzmann law.
Preprints ( Further, he discussed a parameterization of the effective emissivity of clouds, given in equation 8
Here a o is the absorption mass coefficient for total infrared flux (empirically found to be 0.13) and W is 220 the total vertical liquid water path. It is evident that this parameterization leads to an λ of 1 for high
221
W. This parameterization is well established and widely used in different fields.
222
Lio [19] reports that the monochromatic flux emissivity λ is given to a good accuracy by 
